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Abstract

A controlled experiment was conducted to investigate the effect of salinity and alkalinity stresses on the growth and physi-
ological characteristics of Carum copticum L. The treatments included four salinity levels: 0, 50, 100 and 150 mM NacCl, and
four alkalinity levels 0, 20, 40 and 60 mM NaHCO;. The results indicated that root dry weight and magnesium concentration
were decreased and catalase and peroxidase activity, proline, malondialdehyde, Na™ and Ca®* concentration were increased
in plants simultaneously subjected to both salinity and alkalinity stresses. In all traits, the highest salinity and alkalinity levels
had the most negative and significant effects. In general, our findings revealed that alkalinity and salinity stresses considerably
decreased ajwain growth through adverse impact on physiological characteristics such as ion concentration and activity of
antioxidant enzymes. These effects were greater when the two salinity and alkalinity stresses were simultaneously applied.
Ajwain plant tolerated a part of the stresses via osmotic adjustment mechanism was assessed by proline, malondialdehyde

and total carbohydrate.
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Introduction

Environmental stresses such as high and low temperatures,
drought, alkalinity and salinity affect plants morphology
and physiology and damage their potential growth and yield
(Aydin et al. 2011; Azooz and Ahmad 2016). The salin-
ity stress can impact photosynthesis, nitrogen and carbon
metabolisms in plants and cause distractions in ion uptake
by plants. Salt stress also can decrease some nutritional ele-
ments and affect plant nutrition. These physiological vari-
ations can lead to growth retardation and reduced function
in plants (Munns and Tester 2008). Plants adapt to saline
conditions by the accumulation of some organic salts and
synthesis of osmolytes such as proline, sugars, multifunc-
tional group alcohols and amino acids (Hoque et al. 2007).
In higher salinity levels, this osmotic regulation protects
the cellular structures and reduces the oxidative damages
of reactive oxygen species (ROS) (Munns and Tester 2008).
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The alkalinity stress happens when a soil contains high
content of alkali salts (Na,CO; and NaHCO;) and can
impose more harmful damages compared to the neutral salts
(NaCl and Na,SO,). Bicarbonates (HCO;™) and carbonates
(CO,>7) are the primary reasons for the alkalinity; however,
hydroxides, borate, ammonium, organic bases, phosphates
and silicates are also suggested as additional factors (Ahmad
et al. 2014). So, if the soil contains more HCO;™ or CO32_,
pH will increase and the plants will be influenced by both
salinity and alkalinity stresses. The bicarbonate ion can sig-
nificantly inhibit growth in species that are sensitive to pH.
High soil pH can lead to the reducing root physiological
function and destructing root cell structure by insolubiliza-
tion and sedimentation of metal and phosphorus ions (Li
et al. 2009). Furthermore, alkalinity stress leads to disrup-
tion of hydrogen bonds of cellulose and inhibition of cell
development by damaging the cell wall and consequently
leads to growth retardation. Availability of the nutrients
such as zinc, manganese and iron significantly decreases in
the alkali conditions (Bugbee 2003), and phosphorus with
calcium and magnesium creates metal complexes and they
get unreachable for the plants (Nikolic and Kastori 2000).

Ajwain (Carum copticum) as an herbaceous plant
has highly branched shoots and leaves with large cuts

@ Springer


http://orcid.org/0000-0002-4681-4793
http://crossmark.crossref.org/dialog/?doi=10.1007/s42977-022-00129-0&domain=pdf

302

Biologia Futura (2022) 73:301-308

and relatively round fruits. The seed of ajwain is thymol
enriched and contains a high amount of cymene, alpha and
beta-pinene. The main components of ajwain essential oil
are thymol, y-terpinene and para cymene, and the smell of
seeds is due to thymol (Raeisi et al. 2016). Most researches
on plants physiological response to salinity mainly focus on
reactions of plants to salt stress caused by NaCl; however,
there is low information about plants response to salt stress
caused by alkali salt. This lack of information has been more
severe in medicinal plants. Therefore, this research was con-
ducted to examine the ion concentration, physiological char-
acteristics and growth of ajwain as the influence of salinity
and alkalinity stresses.

Materials and methods

This research was conducted at the Research Greenhouse of
College of Agriculture, Vali-e-Asr University of Rafsanjan,
Iran.

Ten uniform ajwain seeds were planted in the pots with
20 cm diameter and 30 cm height, which were filled with
perlite and cocopeat (1:1). The plants were thinned to 5
pot~! after seedlings emergence. The treatments included
four salinity levels: 0, 50, 100 and 150 mM NaCl, and four
alkalinity levels: 0, 20, 40 and 60 mM NaHCO;. The salin-
ity and alkalinity stresses treatments were applied after the
4-leaf stage through half-strength Hoagland’s solution. The
half-strength Hoagland’s nutrient solution included 0.75 mM
MgSO,, 0.5 mM KH,PO,, 1.25 mM KNO;, 1.5 mM Ca
(NOs3),, 50 uM KCl, 50 uM H;BO;, 10 uM MnSO,, 2 uM
ZnS0O,, 1.5 uM CuSO0Oy,, 0.075 uM (NH,)¢Mo,0,,, 10 uM
Fe-EDTA with 50% phosphorous. The concentration of
the desired salt in the Hoagland nutrient solution was pre-
pared by applying sodium chloride and sodium bicarbonate.
Control plants (non-stress treatment) were only irrigated
with half-strength Hoagland’s solution. The minimum and
maximum temperature in the greenhouse was 14 °C and
28 °C and relative humidity was 55-65%. The ajwain plants
received 14 h daily light from a combination of tungsten and
fluorescent lamps.

At 52 days after treatment applying, the 66-day-old seed-
ling was subjected to the sampling. The distance between the
crown and the highest leaf was measured as shoot length,
and the distance between the crown to the tip of the longest
root was determined as root length. The aerial and below-
ground parts of the plant were separated and were washed
with distilled water to measure root and shoot weight. The
samples were dried in oven at 70 °C for 48 h, and afterward
the dried weights of the above- and belowground samples
were considered as shoot and root dry weight. Relative water
content (RWC) was measured using fresh weight (FW), dry
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weight (DW) and turgid weight (TW) in leaves according
the following formula:

_ (FW —DW)

RWC=~-— "
(TW — DW)

x 100 (1)

The content of free proline and soluble carbohydrates
in leaves were calculated using Bates et al. (1973) and Iri-
goyen et al. (1992) protocols, respectively. Peroxidation of
membrane lipids was determined by the assessing of malon-
dialdehyde (MDA) as the end product of peroxidation of
membrane lipids, which was measured based on De Vos
et al. (1991) protocol. The method introduced by Cakmak
and Marschner (1988), Pandolfini et al. (1992) and Giannop-
olitis and Ries (1977) was, respectively, followed to meas-
ure the activity of catalase (CAT), peroxidase (POD) and
superoxide dismutase (SOD) enzymes. The concentration
of ions was measured by the digestion of burning dry plant
samples in an oven with 550 centigrade for 6 h. Potassium
(K*) and sodium (Na*) concentrations were measured by
a flame photometer (Model PFP7, Germany). The titration
method was used to assay calcium (Ca*") and magnesium
(Mg**) concentrations.

The experiments were performed in a randomized com-
plete block design arranged as a factorial with three repli-
cations. After the normality test, the collected data were
subjected to analysis of variance (ANOVA) and the means
were compared using (LSD 0.01). All statistical analysis was
done by SAS software.

Results

The results of variance analysis showed that the effect of
salinity and alkalinity and their interaction effects were sig-
nificant on root dry weight. In contrast, shoot dry weight
was significantly affected by salinity and alkalinity (Table 1).
Salinity and alkalinity interaction had an additive effect on
root dry weight, so that increasing alkalinity to 60 mM was
associated with reduced root dry weight by 53.6% than no-
alkaline in non-saline conditions (Fig. 1). While in saline
conditions, the different alkalinity levels had no significant
effect on root dry weight. With increasing salinity and alka-
linity, the dry weight of the shoot decreased (Tables 2 and 3).
By applying 150 mM salinity and 60 mM alkalinity stresses,
shoot dry weight was decreased by 36.1% and 10.8% com-
pared to no-stress conditions, respectively (Tables 2 and 3).

The results of data analysis showed that the shoot and
root length was only influenced by salinity (Table 1). With
increasing salt stress levels, shoot and root length were sig-
nificantly decreased (Tables 2 and 3). In 150 mM salinity,
shoot and root length were decreased by 35 and 24%, respec-
tively, compared to non-saline conditions.
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Table 1 The analysis of variance (ANOVA) for some characteristics of ajwain under salinity and alkalinity
Source of variance D.Ff F value

RDW SDW SL RL RWC MDA SP e TSP
Block (R) 2,30 1.20™ 0.80™ 1.44" 0.42" 4.95" 1.75™ 2.01™ 0.82™ 1.85™
Salinity (S) 3,30 11.02" 60.63" 10.69™ 14.62 10.94™ 16.05™ 14.53™ 20.25™ 10.01°
Alkalinity (A) 3,30 20.06™ 4.63" 0.40™ 1.871 0.351 14.78" 17.017 8.02" 7.95™
SXA 9,30 12.05™ 2.10™ 0.371 0.099 ™ 0.19™ 27.51" 10.25™ 1.23m 0.46"™
CV (%) 11.93 8.63 13.59 10.67 5.74 6.27 7.96 11.87 12.49

ns, * and **: nonsignificant, significant at 5% and 1% of probability levels, respectively

T: The first and second DFs belong to each SOV and error, respectively

D.F degree of freedom; CV coefficient of variation, RDW root dry weight, SDW shoot dry weight, SL shoot length, RL root length, RWC relative
water content, MDA malondialdehyde SP soluble proline, SC soluble carbohydrates, TSP total soluble protein,
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Fig.1 The interaction of different salinity and alkalinity levels on
root dry weight. Means with at least a similar letter are not signifi-
cantly differed based on the LSD test (0.05). Values are means +SE
of three replicates

The relative water content (RWC) was only influenced
by salinity (Table 1), as the RWC was decreased with
increasing salinity level (Table 2). The plants grown in
non-saline conditions had the highest RWC; however, it
was not significantly different from 50 mM salinity. In
150 mM salinity stress, an 8.72% reduction in RWC was
observed compared to non-saline conditions. There was

no significant difference between 150 and 100 mM salin-
ity (Table 2).

The effect of salinity, alkalinity and their interaction was
significant on the content of malondialdehyde (MDA) and
proline. Soluble carbohydrates and total proteins only were
affected by salinity and alkalinity effects (Table 1). Salin-
ity and alkalinity interaction led to a significant increase in
MDA content (Fig. 2). In non-saline conditions, increased
alkalinity resulted in the enhanced MDA content. In all
salinity conditions, different alkalinity levels caused an
increase in MDA content in compared to non-alkaline con-
ditions (Fig. 2).

Increased salinity and alkalinity led to an increase in pro-
line content. In non-saline conditions and 50 mM salinity,
different alkalinity levels had significantly equal proline con-
tent. While 40 and 60 mM alkalinity stress was associated
with enhanced proline content in 100 and 150 mM salinity
(Fig. 2). The content of total carbohydrates was increased
by increasing salinity stresses levels (Table 2). The high-
est total carbohydrates content was observed in 150 mM
salinity that was 35.1% higher than non-saline conditions.
Also, with increasing alkalinity to 40 and 60 mM, the car-
bohydrates content was increased (Table 3). Total soluble
proteins were reduced with increasing salinity and alkalin-
ity stresses (Tables 2 and 3), in order to protein content was
22.2% less in 150 mM salinity than non-saline conditions

Table 2 The effect of salinity on some growth and biochemical traits of ajwain

Salinity ~ SDW (z)  SL (cm) RL (cm) RWC (%) SCmgg)  TSP(mgg) K (%) SOD (mg

(mM) mg~! protein)
0 1.03+0.82a 36.58+2.6la 19.00+1.77a 62.06+2.55a 0.083+0.006c  0.812+0.041a 3.45+047a 32.68+6.21b
50 0.92+0.71b 33.66+2.55b 17.33+1.56ab 59.60+2.45ab 0.100£0.009b 0.708+0.033b  2.88+0.33b 42.18+5.34a
100 0.80+£0.63c 31.16+2.34b 1591+1.62b 57.03+£2.35bc 0.109+0.008ab 0.676+0.034bc 2.66+0.31bc 45.20+4.55a
150 0.66+0.70d 27.62+2.13¢c 14.00+£1.67c  54.65+£1.99c 0.112+0.007a  0.632+0.035¢c  2.38+0.32c  46.60+5.01a

SDW shoot dry weight, SL shoot length, RL root length, RWC relative water content, SC soluble carbohydrates, TSP total soluble protein, K+
potassium concentration, SOD superoxide dismutase. In each column, means with at least a similar letter are not significantly differed based on

the LSD test (0.05). Values are means + SE of three replicates
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and was 20.0% less in 60 mM alkalinity than no alkalinity
stress.

Potassium (K*) concentration was only significantly
influenced by salinity, while salinity and alkalinity and their
interaction effects had a significant effect on sodium (Na™),
calcium (Ca®*) and magnesium (Mg2+) concentrations in
ajwain shoot (Table 4). Shoot K* concentration was signifi-
cantly decreased with increasing salinity level (Table 2); so,
the lowest K* concentration was obtained in 150 mM salin-
ity treatment and the plants grown in non-saline conditions
had the highest K* concentration. With increasing salinity

and alkalinity levels, Na* concentration was significantly
increased (Fig. 3). Under non-saline and all salinity condi-
tions, 60 mM alkalinity considerably increased Na™ concen-
tration compared to the no-stressed plants.

The calcium concentration was increased by increasing
salinity and alkalinity stresses (Fig. 3). In non-saline, 50 and
100 mM salinity, alkalinity stress had no significant effect
on Ca%*. In contrast, in 150 mM salinity, 40 and 60 mM
alkalinity treatments resulted in a significant increase in
Ca”" concentration compared to no alkalinity stress condi-
tions (Fig. 3). The increase of salinity and alkalinity stresses

Table 3 The effect of

. Alkalinity level SDW (g) SC (mg g™ TSP (mg g™) SOD (mg mg~! protein)
al.kahmt)./ on some grqwth and (mM)
biochemical traits of ajwain
0 0.89+0.031a 0.091+0.011c 0.772+0.033a 26.30+£5.34b
20 0.88+0.036a 0.098 +0.010bc 0.743 +0.039ab 45.61+6.67a
40 0.87+0.030a 0.104 +£0.008ab 0.696+0.041b 46.50+7.21a
60 0.79+0.042b 0.111+0.009a 0.616+0.050c 48.24+5.69a

SDW shoot dry weight, SC soluble carbohydrates, TSP total soluble protein, SOD superoxide dismutase. In
each column, means with at least a similar letter are not significantly differed based on the LSD test (0.05).
Values are means + SE of three replicates
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Fig.2 The interaction of different salinity and alkalinity levels on MDA and proline content. In each figure, means with at least a similar letter
are not significantly differed based on the LSD test (0.05). Values are means + SE of three replicates

Table 4 The analysis of

; : Source of variance D.F'  F value

variance (ANOVA) for ion

concentration and antioxidant K* Na* Ca* Mg** CAT POD SOD

enzymes of ajwain under

salinity and alkalinity Block (R) 2,30 1.36ns 0.18 ns 1.86 ns 1.06 ns 4.35% 1.27 ns 0.38 ns
Salinity (S) 3,30 24.25%*% 104.38%* 16.63*%*  8.66%* 16.03%*%  14.52%*%  16.26%*
Alkalinity (A) 3,30 2.17ns  11.23%* 9.51%* 25.06%%  14.57**  9.48** 10.43%**
SxA 9,30 1.06ns  4.38* 5.77%% 6.20** 8.53%*  47T** 1.62 ns
CV (%) 6.10 10.22 10.48 8.37 12.10 12.13 12.99

ns, * and **: nonsignificant, significant at 5% and 1% of probability levels, respectively

T: The first and second DFs belong to each SOV and error, respectively

D.F. degree of freedom; CV coefficient of variation, Kt potassium concentration, Na* sodium concentra-
tion, Ca®* calcium concentration, Mg2+ magnesium concentration, CAT catalase, POD: peroxidase, SOD

superoxide dismutase
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Fig.3 The interaction of different salinity and alkalinity levels on sodium, calcium and magnesium concentrations in ajwain shoot. In each fig-
ure, means with at least a similar letter are not significantly differed based on the LSD test (0.05). Values are means + SE of three replicates

decreased Mg”* concentration. Increasing alkalinity had
no significant effect on Mg?* in 50 mM salinity, whereas
60 mM alkalinity remarkably reduced Mg>* concentration
in 0, 100 and 150 mM salinity conditions (Fig. 3).

The effect of salinity and alkalinity were significant on
the activity of catalase (CAT), peroxidase (POD) and super-
oxide dismutase (SOD) and their interaction effect was only
significant on the activity of CAT and POD (Table 4). The
increase in salinity and alkalinity levels led to the increased
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alkalinity levels led to considerably greater CAT activ-
ity than non-alkaline stress condition. In the non-saline
situations, there was no difference between POD activity
in alkalinity treatments (Fig. 4), whereas 60 mM alkalin-
ity increased POD activity in 50 mM salinity. In 100 and
150 mM salinity, 40 and 60 mM alkalinity increased POD
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activity than without alkalinity stress. Alkalinity and salinity
stress in all levels led to enhanced activity of SOD com-
pared to the condition without stress (Tables 2 and 3). The
highest activity of SOD was observed in 150 mM salinity
stress (42.6% than non-saline treatment) (Table 2) and also
in 60 mM alkalinity stress (83.4% than non-alkaline treat-
ment) (Table 3).

Discussion

The result indicated salt stress decreased shoot and root dry
weight, and the negative effect of salt stress was greater as
salinity was intensified. Our finding agreed with previous
research, as Javed et al. (2014) observed that increased salin-
ity level was parallel with reduced growth of shoot and root
of rapeseed, due to the low uptake of essential nutrition, ion
imbalance and the effect of toxic ions, especially sodium.
Pirasteh-Anosheh et al. (2017) reported that shoot and root
dry weights decreased in the higher salinity levels in barley.
In the current research, alkalinity stress at the highest level
was associated with a reduction in shoot dry weight. In alka-
linity stress, the effect of high pH in the environment leads to
insolubilization and sedimentation of metal ions and phos-
phorus. It leads to the low physiological function of the root
and destruction of the root cell (Li et al. 2009). It is reported
that the shoot weight was decreased by increasing sodium
bicarbonate also in grapes (Nikolic and Kastori 2000).

Salt and alkaline stresses, depending on their levels,
decreased shoot and root length. The variations in shoot
and root length are among the most critical signs of plants
response to abiotic stresses (Jamil et al. 2006). Erdal and
Cakirlar (2014) reported reducing safflower height in
response to the increased salinity level. The reduced shoot
growth as an influence of salinity can be due to low water
uptake, photosynthesis inhibition and reduced carbohydrate
synthesis. Furthermore, salinity and alkalinity in plants lead
to metabolism disorders and consequently growth retarda-
tion in plants. Increased salinity in rapeseed can also affect
cell division and shoot and root vertical growth (Bybordi
et al. 2010).

In the current study, only salt stress decreased RWC, so
the lowest RWC was obtained in 150 mM salt stress. The
RWC was also reduced in rice (Lv et al. 2013) and jojoba
(Hassan and Ali 2014) plants by increasing salinity stress.
The regulation of RWC in salinity conditions is a part of the
tolerance process, as both water and minerals determine the
turgor pressure. Generally, the plants that reach osmotic bal-
ance faster in salinity conditions can adapt to their condition
more quickly and can retain desirable state of RWC by better
water uptake (Azooz and Ahmad 2016).

Our finding showed that salt stress at all levels increased
MDA. The salt stress leads to enhanced production and
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accumulation of reactive oxygen species (ROS), probably
inducing an oxidative stress. It creates protein and lipid oxi-
dations and causes the destruction of membrane structure
and the increased MDA (Molassiotis et al. 2006). Malondi-
aldehyde content was also enhanced as affected by alkalinity
in saline conditions. In other word, alkalinity had no sig-
nificant effect on MDA in non-saline conditions. Alkalinity
stress has more impact on the production and accumulation
of metabolites such as MDA than salinity stress (Guo et al.
2015).

Although both salt and alkaline stresses led to higher pro-
line production, there was some difference in their effects.
So that, salt stress at 100 and 150 mM significantly increased
proline content at all alkaline levels; but the highest values
were only recorded in combination with alkalinity at 40 and
60 mM. The plants enhance organic contents and mineral
osmolytes in the cytosol for more salinity and alkalinity tol-
erance (Chiraz et al. 2012). Production of an osmolyte such
as proline is one of the major adaptive mechanisms against
salinity stress in plants. It was reported that the proline con-
tent was increased in strawberry cultivars by increasing the
alkalinity (Ahmad and Sharma 2010). Under salinity stress,
the increase of proline content was also observed in Chloris
virgata (Li et al. 2009). An increased proline content was
reported in Oryza sativa by a simultaneous increasing salin-
ity and alkalinity levels (Lv et al. 2013), which agree with
our results.

Salt stress at all levels and alkalinity stress at 40 and
60 mM significantly increased soluble carbohydrates in the
ajwain plant. In stressed plants, the accumulation of soluble
carbohydrates can preserve the cell membrane against high
salt concentrations and different reactive oxygen species
(Ahmad and Sharma 2010). During the stress conditions,
plants need to sustain water potential inside the cell to pre-
serve turgor pressure and water uptake for growth, which is
created by synthesizing osmotic regulators such as soluble
sugars. The carbohydrates are increased in salinity stress
conditions in some safflower species (Javed et al. 2014)
and in salinity and alkalinity stresses in Avena sativa (Guo
et al. 2011a). Total soluble proteins content was decreased
as salinity and alkalinity stresses were imposed. However,
this effect was observed in all salt stress and only in 40 and
60 mM alkalinity. Reduction in total soluble proteins content
happens due to the protein hydrolysis by proteolytic process
under salinity stress (Parida and Das 2005). The reduction
of soluble proteins is reported by increasing salinity stress in
Carthamus tinctorius (Javed et al. 2014) and Cicer arietinum
(Keshavkant et al. 2012).

Only salt stress significantly reduced K* concentra-
tion; however, both salt and alkaline stresses in an additive
manner increased Nat concentration. The plant adaptation
to salinity stress is mainly related to the tissue tolerance
to accumulated Na* and/or C1~ as well as osmotic stress
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(Pirasteh-Anosheh et al. 2017); however, plants, in general,
differ greatly in their extent of salinity tolerance (Munns
and Tester 2008). Jimenez-Bremont et al. (2006) indicated
that higher K* and lower Na* in plant tissue could be con-
sidered as salinity tolerance. According to the antagonistic
relationship between K* and Na™, salinity was associated
with reduced K* in shoot and root (Karmoker et al. 2008).
In agreement with our finding, some researchers reported
less K in cotton (Guo et al. 2014) and rice (Lv et al. 2013)
grown in salinity. Furthermore, enhanced Na* concentration
in Setaria viridis (Guo et al. 2011b) was also documented in
saline and alkaline conditions.

On the other hand, salt stress of more than 50 mM
increased Ca®* in all alkaline levels; however, the effect of
alkalinity depended on salinity. So, only 60 mM alkalinity
in 100 mM salinity and 40 and 60 mM alkalinity in 150 mM
salinity enhanced Ca** concentration. Calcium availability
is necessary for membrane stability, signalling pathways
and cell wall synthesis (Guo et al. 2014). Salinity impaired
the accumulation of K+ and Ca®* by affecting the transport
system of the plasma membrane through K* -or Ca** chan-
nels (Munns and Tester 2008); optimum concentrations of
these ions are required to maintain the stability and function-
ing of cell membranes and associated enzymes (Pirasteh-
Anosheh et al. 2017). In some cases, it has been shown that
the accumulation of Ca?* can reduce the poisonous effects
of salt stress; which is due to the increased selective uptake
of K* (Parida and Das 2005). Calcium is in positive accord-
ance with alkalinity in such a situation, the increased Ca+
concentration leads to the blockade of the SOS system (the
signalling pathway system of the cell in stress tolerance)
and the damage reduction caused by Na* (Guo et al. 2015).
Increased Ca’* has been reported by increased salinity and
alkalinity stresses in wheat (Guo et al. 2009), Glycine max
(Ge et al. 2011). Our results showed that salt stress and
alkalinity in an almost similar way decreased Mg >*. Their
effect closely depended on their levels. Al-Abdoulhadi et al.
(2012) reported the reduced Mg?* concentration in shoots
of Phoenix dactylifera, and Akram et al. (2009) reported
the same result in Helianthus annuus in response to salinity
increase. Alkalinity is associated with the presence of Na*
in the soil, where Na,CO; or NaHCO; damage plants by Na™
toxicity and also by high pH. However, relatively few studies
have been undertaken on the effects of alkaline soils on plant
growth and productivity (Ahmad et al. 2014).

In general, salt and alkaline stresses enhanced the activ-
ity of CAT, POD and SOD; however, these two stresses had
significant interaction effects only on CAT and POD. The
highest activity of CAT and POD was observed in ajwain
plants treated with 150 mM salinity and 60 mM alkalinity. It
seems the ajwain plants reacted to the simultaneous salinity
and alkalinity stresses by increasing CAT and POD activity.
Avoiding the production of ROS during stress is an essential

strategy for plants to overcoming stress (De Carvalho 2008).
Keshavkant et al. (2012) reported that CAT activity closely
related to salinity tolerance in Cicer arietinum. Enhanced
CAT and POD activity in salinity and alkalinity stresses
was reported in Chenopodium album L. (Chen et al. 2012).
According to the profound role of POD in enzymatic H,O,
scavenging and maintenance of cell membrane integrity, the
enhanced POD in the plants grown under saline conditions
would be expected (Jaleel et al. 2008). Although SOD activ-
ity was induced by salt and alkalinity stresses, there is no
significant difference between the varying stress levels. The
increased SOD enzyme activity in this research is in accord-
ance with the findings in bean (Aydin et al. 2011) and jojoba
(Hassan and Ali 2014) under salinity and alkalinity stresses.
The alkalinity at the same time severely upsets the mecha-
nism of ion uptake in both populations. Not much work has
been conducted on antioxidant studies under alkalinity stress
(Ahmad et al. 2014).

Conclusion for future biology

Our findings showed alkalinity and salinity had a negative
effect on plant growth by reducing the osmotic potential and
consequently less uptake of water and essential elements
such as K+ and Mg?*. Hence, it caused growth inhibition in
the root and shoot of the ajwain plants. The adverse effects
of alkalinity stress of more than 40 mM were more intensive.
Simultaneous salinity and alkalinity stresses with synergistic
interaction had more destructive effects on ajwain growth
and physiological functions rather than every single stress.
The increasing salinity and alkalinity levels also reduced
protein contents and enhanced total proline, soluble carbo-
hydrates and activity of CAT, POD and SOD.
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